Background Melasma is a common acquired symmetrical hypermelanosis characterized by irregular light to dark brown macules and patches on sun-exposed areas of the skin. Its histopathological characteristics are not fully understood. Objectives To characterize the histopathological features of facial melasma skin in comparison with adjacent normal skin. Methods Biopsies were taken from both melasma lesional skin and adjacent perilesional normal skin in 56 Korean women with melasma. The sections were stained using haematoxylin and eosin, Fontana±Masson, diastase-resistant periodic acid-Schiff, Masson trichrome and Verhoeff±van Gieson stains, and immunostaining for melanocytes. Data on the changes in number of melanocytes and melanin contents of the epidermis were analysed by a computer-assisted image analysis program. The ultrastructure of the skin was also examined. Results The amount of melanin was signi®cantly increased in all epidermal layers in melasma skin. The staining intensity and number of epidermal melanocytes increased in melasma lesions. Lesional skin showed more prominent solar elastosis compared with normal skin. Melanosomes increased in number and were more widely dispersed in the keratinocytes of the lesional skin. Lesional melanocytes had many more mitochondria, Golgi apparatus, rough endoplasmic reticulum and ribosomes in their cytoplasm. A dihydroxyphenylalanine reaction was apparent in the cisternae and vesicles of the trans-Golgi network in melanocytes from lesional skin. Conclusions Melasma is characterized by epidermal hyperpigmentation, possibly caused both by an increased number of melanocytes and by an increased activity of melanogenic enzymes overlying dermal changes caused by solar radiation.
7 years. In each patient, the diagnosis of melasma was determined by physical examination. Two-millimetre punch biopsies from lesional and adjacent (usually within 1 cm) non-lesional facial skin were obtained from each patient under local anaesthesia. Acquired bilateral naevus of Ota-like macules (ABNOM) characterized by dermal melanocytosis were excluded in this study based on positive dermal NKI-beteb immunostaining. Tissues were prepared for light microscopic study by 10% formalin ®xation. For ultrastructural evaluation, a further 10 pairs of lesional and normal skin specimens from Korean women aged 28±52 years were used. The specimens were ®xed in a Karnovsky's cacodylate-buffered glutaraldehyde-paraformaldehyde mixture. 6 
Stains
Paraf®n-embedded tissue sections of 3 lm thickness were processed for light microscopic examination. A haematoxylin and eosin (H&E) stain was used for studying the general histopathological changes in the melasma skin. Melanin pigment was visualized with the Fontana±Masson stain, performed by the usual methods without an eosin background stain for image analysis. The sections were also stained using diastaseresistant periodic acid-Schiff (D-PAS) for basement membranes, Masson trichrome for collagen and Verhoeff±van Gieson for elastic ®bres.
Analysis of staining results
Sections were evaluated independently by four different observers and scored as: 0, none (normal); 1, minimal (equivocal); 2, mild; 3, moderate; and 4, severe. Mean scores were analysed with the Statistical Package for Social Science Version 8á0 (SPSS, Chicago, IL, U.S.A.). The data of individual groups were evaluated with the paired t-test; P < 0á05 indicated a statistically signi®-cant difference.
Immunohistochemistry
Immunohistochemistry was performed as described elsewhere, 7 and is brie¯y summarized below. Fourmicrometre paraf®n-embedded sections of both lesional and control skin were mounted on a Polysine microscope slide (Menzel-Glaser, Germany) 1 coated with 0á1% poly D-lysine. Tissues were deparaf®nized and rehydrated by sequential immersion in xylene, graded concentrations of ethanol, and distilled water. They were incubated for 30 min at room temperature in a solution of 0á5% hydrogen peroxidase in methanol to quench endogenous peroxidase activity, followed by washing three times in Tris-buffered saline (TBS, 0á1 mol L )1 , pH 7á4, Dako, Carpinteria, CA, U.S.A.). They were subsequently incubated in 0á05% pepsin in TBS for 20 min at 37°C. After washing three times in TBS, they were¯ooded with a protein-blocking agent (PBA; Immunon, Pittsburgh, PA, U.S.A.) for 10 min at room temperature. Excess PBA was drained and the primary antibodies NKI-beteb, Mel-5, CD1a and S100 were applied to tissue sections ( Table 1) . The slides were then incubated for 1 h at room temperature and for 30 min at 37°C in a humid chamber. Following three washes in TBS, sections were incubated for 30 min at room temperature while being¯ooded with a biotinylated universal secondary antibody reagent (Immunon). The slides were then washed in TBS, followed by incubation in streptavidin alkaline phosphatase reagent (Immunon) for 30 min. After washes in TBS, sections were incubated in fast red chromogen (Immunon) for 10 min. The sections were counterstained with haematoxylin modi®ed solution (Merck, Darmstadt, Germany) and mounted in an aqueous mounting medium (Biomeda, Foster City, CA, U.S.A.).
Image analysis
A CCD camera (CCD-IRIS, Sony, Tokyo, Japan) mounted on a microscope (Olympus BX50F, Olympus 
Optical Co., Tokyo, Japan) was connected to an IBM personal computer (PC). The image signals taken by the PC were evaluated using Image Pro Plus Version 3á0 (Media Cybertics Co., Silver Spring, MD, U.S.A.). The image analysis was performed on a representative area of each specimen. In Fontana±Masson staining, the amount of melanin pigment was measured under constant magni®cation (´200). The pigmented area per millimetre epidermal length (PA ¤ 1E), the pigmented area per millimetre rete ridge length (PA ¤ 1R) and the ratio of pigmented area to measured epidermal area (PA ¤ MA) were measured in lesional and control skin. In the immunohistochemical stain for melanocytes (NKI-beteb), three serial sections were made in each specimen, in order to count basal keratinocytes and melanocytes. The number of melanocytes was estimated using three methods: the number of melanocytes per millimetre epidermal length (MC ¤ 1E), the number of melanocytes per millimetre rete ridge length (MC ¤ 1R) and the ratio of melanocytes to basal keratinocytes (MC ¤ KC). Each measurement was evaluated under constant magni®cation. Careful examination was performed and each melanocyte was counted as one cell when its nucleus was con®rmed. All morphometric procedures were performed by manually tracing the borders of the epidermis and rete ridges, and the epidermal area that contained hair follicles was excluded from this tracing. For each frame, the tracing was repeated three times and the mean was used for evaluation; all morphometric measurements were performed by the same person.
Electron microscopic evaluation
For electron microscopic evaluation, 10 pairs of lesional and normal skin specimens were used. In seven cases, the tissues were washed with a cacodylate buffer and were incubated in a 0á1% dihydroxyphenylalanine (DOPA) solution for 4 h at 37°C (in the other three cases DOPA staining was omitted), post®xed in 1% osmium tetroxide and then dehydrated in an ethanol gradient and propylene oxide. Tissues were embedded in Epon 812, and 1-lm semithin sections were cut and stained with toluidine blue to select appropriate areas for observation. Serial ultrathin 50-nm sections were made using a Reichert-Ultracut S ultramicrotome and placed on 100 mesh grids. The sections, counterstained with 4% uranyl acetate and 0á5% lead citrate, were observed and photographed in a Zeiss EM 902A transmission electron microscope at an accelerated voltage of 50 kV.
Results

Distribution
Two patterns of melasma were recognized on the basis of clinical examination: centrofacial and malar (Fig. 1 ).
The centrofacial pattern was observed in 52% of cases: the melasma involved the cheeks, forehead, upper lip and chin. The malar pattern refers to those patients in whom the melasma was localized to the malar region, and was seen in 48% of cases.
General histopathological features of melasma
The general histopathological features of melasma were compared in H&E-stained sections with those of perilesional normal facial skin. All specimens of melasma and normal skin showed a mild to moderate degree of rete ridge¯attening and epidermal thinning. Solar elastosis was signi®cantly increased in melasma skin.
In 52 of 56 cases (93%), melasma skin showed moderate to severe solar elastosis, while in 39 of 56 cases (70%), the normal skin showed mild to moderate solar elastosis (Table 2 , Fig. 2A ,B). In Fontana±Masson-stained sections, the amount of melanin was signi®cantly increased in all epidermal layers in melasma skin. Melasma skin had more free melanin and melanophages in the dermis. However, three of 56 (5%) cases had dermal melanophages con®ned only to melasma skin. Twenty of 56 cases (36%) had dermal melanin in both melasma and normal skin and only four of these 20 cases (7%) showed more dermal melanophages in melasma skin than in normal skin. The remaining 33 of 56 cases (59%) showed no dermal melanin either in melasma or in normal skin. Overall, only seven cases (12%) showed increased dermal melanin and melanophages in melasma skin (Table 3 , Fig. 2C,D) .
CD1a immunostaining showed no changes in the number of epidermal Langerhans cells in either lesional or normal skin. No destruction of basement membranes was noted in D-PAS staining. Masson trichrome staining for collagen and S100 immunostaining for dermal nerves did not show any signi®cant changes (not shown). In contrast, Verhoeff±van Gieson staining showed thick, highly curled, and more fragmented elastic ®bres in melasma skin than in normal skin taken from the perilesional, retroauricular or breast area (Fig. 3) .
NKI-beteb detection of epidermal melanocytes showed the intensity of staining in melasma lesions to be much stronger than in control skin. The melasma melanocytes exhibited more dendrites (Fig. 4A,B) . Mel-5 immunostaining showed a similar staining pattern and number of epidermal melanocytes as did NKI-beteb immunostaining (not shown).
Quantitative analysis of melanin content and number of melanocytes in melasma
Image analysis showed increases in PA ¤ 1E and PA ¤ 1R of 73% and 39%, respectively, in melasma lesional skin as compared with normal skin. A signi®cant increase (83%) in PA ¤ MA was observed in melasma skin. In these preliminary observations, three serial sections from the same specimen gave a good correlation with image analysis of the number of melanocytes. Significant increases were observed in MC ¤ 1E (24%) and MC ¤ 1R (27%) in melasma skin as compared with normal skin. Although four of 56 cases (7%) showed no increase in melanocytes, and ®ve cases (9%) showed a slightly decreased number of melanocytes in melasma skin, 47 cases (84%) showed an increased number of melanocytes in melasma skin. Melasma skin also showed a signi®cant increase (33%) in MC ¤ KC (Table 4) .
Ultrastructural changes of melasma
In the stratum corneum, melanosomes were more abundant in lesional skin than in control skin. Melanosomes transferred into keratinocytes were distributed mostly in a single array, and occasionally membranebound complexes were observed in both lesional and perilesional normal skin. Lesional melanocytes were ®lled with more mitochondria, Golgi apparatus, rough endoplasmic reticulum and ribosomes in the 
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0, none (normal); 1, minimal (equivocal); 2, mild; 3, moderate; 4, severe. *P < 0á05. perikaryon than were melanocytes in normal skin, suggesting increased cell activity. In lesional melanocytes, stage III or IV melanosomes were dispersed singly throughout the cytoplasm, and the number of melanosomes was increased in comparison with normal melanocytes (Fig. 5A,B) . Vacuolar degeneration was observed both in melasma and normal melanocytes. A portion of the dendritic process of the melanocyte in melasma lesions contained more numerous stage IV melanosomes. More melanosomes were found in membrane-bound clusters and were more densely packed in the basal and suprabasal keratinocytes in melasma skin than in normal facial skin (Fig. 5C,D ). There were no differences in the size of melanosomes between lesional and normal skin. The dermoepidermal junction of lesional skin was covered by an intact, continuous sheet of basal lamina. Dermal melanophages were variably distributed in both lesional and normal skin. After DOPA histochemistry of melasma melanocytes, an extensive amount of reaction product was apparent in the cisternae and vesicles of the trans-Golgi network (TGN), in contrast to control melanocytes. There were more numerous DOPA-positive traf®cking vesicles, approximately 50 nm in diameter, scattered in areas near the TGN in melasma melanocytes (not shown).
Discussion
Melasma is de®ned as a light to dark brown, irregular hypermelanosis of the face. It develops slowly and is usually symmetrical. 1 Although it may occur in men, 8 it is much more common in women, particularly Asians and those of Hispanic origin. There have been few studies of the histopathological characteristics of melasma, and none comparing histopathological ®nd-ings between melasma skin and adjacent normal facial control skin. The present investigation of the histopathology of melasma, in comparison with normal skin, is a prerequisite for the understanding of its pathogenesis.
In our study, a centrofacial pattern was observed in 52% of cases, and a malar pattern in 48% of cases. The observed predilection sites of melasma in our patients were areas receiving greatest UV exposure, e.g. forehead, upper lip, infra-and supraorbital margins, and zygomatic process. We did not ®nd any histopathological differences between the two clinical types.
It is well known that sun-exposed skin of the face contains signi®cantly more epidermal melanocytes than the rest of the body. 9 For this reason, skin from the trunk or the extremities is not an adequate control. Melasma skin is characterized by a different colour from the adjacent facial skin under similar environmental stresses, such as UV exposure. To understand the mechanism of colour changes in melasma lesional skin, we took control biopsies from normal facial skin just adjacent to the lesion.
The epidermis of the facial skin was¯attened in both lesional and perilesional areas. This¯attened epidermis suggested changes of chronic solar damage. 10, 11 These ®ndings suggest that keratinocyte proliferation is not the major event in the pathogenesis of melasma, and therefore we suspect the causative factor to be some stimulus causing melanocyte hyperfunction without inducing keratinocyte proliferation. The increased solar elastosis in melasma skin may suggest that accumulated sun exposure is necessary for the development of melasma and that the process of solar damage to the dermis may in¯uence the development of hyperpigmentation in the overlying epidermis, although the solar damage may be just a secondary epiphenomenon to UV radiation. Figure 5 . Electron microscopy of perilesional skin and melasma skin. Melanocytes in (A) perilesional skin and (B) melasma skin. Lesional melanocytes were ®lled with more mitochondria, Golgi apparatus, rough endoplasmic reticulum and ribosomes in the perikaryon than were normal skin melanocytes. Basal keratinocytes in (C) perilesional skin and (D) melasma skin. More melanosomes were seen in membrane-bound clusters and were more densely packed in the basal keratinocytes in melasma skin than in normal facial skin (original magni®cation: A,B,´7000; C,D,´4400).
Fontana±Masson staining gives more de®nite identi®cation of melanin. 12 Melasma skin had more melanin in the whole epidermis, including the stratum corneum, whereas in normal skin the melanin pigment was mostly con®ned to the basal layer. This suggests that an increased synthesis of melanosomes in the melanocytes, and increased transfer and decreased degradation of melanosomes in the keratinocytes, are essential for the development of melasma.
13±15
Melasma was formerly classi®ed histopathologically as epidermal, dermal and mixed type 2, 13 by the locations of pigments. Melanophages were present both in melasma and in normal facial skin in 36% of our patients, and melanophages are known to be present in the normal dermis of Japanese skin. 16 Thus, melanophages cannot be a hallmark of the dermal type of melasma. Based on our ®ndings, we suggest that there is no true dermal type of melasma, as the previous histopathological classi®cation came from a study lacking controls. One other possible explanation for the presence of dermal melanophages is that ABNOM have similar clinical characteristics to melasma: nine of 65 cases initially selected under the clinical impression of melasma in our study were diagnosed as ABNOM on Fontana±Masson and NKI-beteb immunostaining.
Histopathological evaluation of epidermal melanocytes on routine H&E staining is dif®cult and cannot be made with accuracy. It is still controversial whether the number of melanocytes is increased in melasma.
2,13±15 A few reports on the number of melanocytes using DOPA immunochemistry showed a signi®cant increase in the population density of melanocytes in melasma as compared with normal control skin. However, in one study most control samples came from the arm, with only two samples from the face. 2 Results of incubation with DOPA are inconsistent, and the procedure is time consuming. The melanocyte lineage-speci®c antigens recognized by the monoclonal antibody NKI-beteb are among the best diagnostic markers for human melanocytes available to date. The antigens recognized by NKI-beteb are glycoproteins of pmel-17, which are localized at the inner side of premelanosomal vesicles.
17±20 Melasma skin showed an increased staining intensity to NKI-beteb, suggesting that the level of pmel-17 (which is related to melanogenesis) was higher than in normal skin. These increases may be related to increased melanogenesis in melasma skin. Mel-5 speci®cally detects a 75-kDa glycoprotein, tyrosinase-related protein (TRP)-1. 21 Mel-5 also gave increased staining intensity in melasma skin, suggesting that the enzyme level of TRP-1 was higher in melasma melanocytes. Increased expression of TRP-1 indicates an increased eumelanin synthesis.
Quanti®cation of the skin melanin content would provide valuable information to assess a clinical grade, and would be an index for the effects of melasma treatment.
2,5 PA ¤ 1E indicates the accumulated melanin colour when the skin is observed from outside: it increased in melasma skin. PA ¤ 1R was evaluated in terms of whether changes in rete ridge length may in¯uence the true melanin colour, 22 and this also increased in melasma skin. The amount of melanin per unit area, expressed as PA ¤ MA, 23, 24 also increased in melasma skin. These image analyses correlate well with visual scoring and give more quantitative information. MC ¤ 1E and MC ¤ 1R also increased in melasma skin. The increased number of melanocytes in melasma skin was con®rmed by the increase in MC ¤ KC. The increase in the number of melanocytes was due to an increased density of melanocytes, and not to an increased length of rete ridge as in seborrhoeic keratosis and lentigines. Our observations clearly demonstrate that there are more melanocytes and melanin in the epidermis in melasma skin.
Ultrastructural observation of melasma skin also revealed increased numbers of melanosomes and melanocytes. There was no defect in the formation of melanosomes because maturation status, morphology and distribution of melanosomes were very similar in melasma and normal skin. The most striking feature of melasma melanocytes was an active process of protein synthesis and DOPA-reactive tyrosinase formation. This suggests that increased synthesis of tyrosinase with active protein synthesis is responsible for the formation of the melanosomal matrix and melanin.
Based on our histopathological ®ndings we suggest that melasma is histopathologically characterized by epidermal hyperpigmentation, possibly due to an increased number of melanocytes and to increased activity of melanogenic enzymes overlying dermal changes caused by solar radiation. The melanocytes are known to be functionally altered and seem to be type-speci®c in melasma. What actually triggers the focal type-speci®c alterations of melanocytes in melasma is not known. A possible scenario for the development of melasma is that certain clones of melanocytes are activated by a series of interactions of the skin with UV, with an in¯uence of female sex hormones and genetic background. 25 In addition, the melanocytes can be altered by a wide variety of endogenous factors produced by the melanocyte itself (autocrine), or a local (paracrine) or systemic (endocrine) environment. These factors mediate their own signals to induce proliferation, death, differentiation, dendricity, morphology, migration and pigmentation of melanocytes. 26±28 The possible role of these factors in the development of melasma could be of great importance.
